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SPECIFICATION /l 1 

I. Title of the Invention 
Pattern Forming Process 

II. Claims 

1. A pattern forming process which is characterized by 
comprising 

a step for forming a photoresist layer on a substrate, 

a step for forming a photosensitive layer colored by exposure on 

said photoresist layer, 

a step for irradiating a prescribed pattern on said photosensitive 
layer and changing the light transmissivity of said photosensitive 
layer in accordance with the pattern, 

a step for irradiating the photoresist layer with a light of longer 
wavelength than the wavelength of above irradiation light through 
the above photosensitive layer and 

a step for performing the removal of above photosensitive layer and 
the development of said photoresist layer. 

2. A pattern forming process according to Claim 1 which is 
characterized by that 

the above photosensitive layer contains an aromatic azide compound 
and a high molecular compound. 

lumbers in the margin indicate pagination in the foreign text. 
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3 . A pattern forming process according to Claim 1 which is 
characterized by that 

the above aromatic azide compound is an azide compound with an 
azido group and an amino group bound to same aromatic ring. 

4. A pattern forming process according to Claim 2 which is 
characterized by that 

the above aromatic azide compound is 80 - 400 wt% to the above high 
molecular weight compound. 

5. A pattern forming process according to Claim 1 which is 
characterized by that 

the irradiation of above photosensitive layer is performed by a 
far-ultraviolet light . 

III. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention relates to a pattern forming process .used in 
semiconductor fine working, etc. of integrated circuits (IC) , 
large-scale integrated circuits (LIC) , etc. 

[Prior Art] 

Lithographic techniques have made rapid progress with the 
fining of workings such as semiconductor element fabrication, etc. 
The shortening of exposure wavelength has been known to be 
extremely effective as a method for enhancing the processing 
resolution. More recently, a lithographic technique using a 
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far-ultraviolet light (Deep UV; wavelength about 2 00 - 300 nm) has 
been studied in many places, exposure apparatus are certainly 
developed, and photoresists for the ultraviolet light have also 
been developed. 

/2 

On the other hand, a projection exposure apparatus has been 
mainly used for the high- resolution photolithography. However, if 
a pattern to be obtained becomes a submicron region, the contrast 
of picture image of a light passing through a lens optical system 
deteriorates even if the contrast of mask pattern is high. Namely, 
even if the image is exposed in a picture image corresponding to a 
dark region with a mask, the above effect becomes remarkable with 
reducing the pattern size. Some processes for improving the 
contrast of picture image irradiated on a resist have been proposed 
for solving this problem, and a process described in Polymer 
Materials Science and Engineering, 55, 604 - 607 (1986) (American 
Chemical Society) is given as one of them. This process is as 
follows. A layer consisting of an diazonium salt, a high molecular 
compound and acetic acid is formed on a common photoresist film, 
and then acetic acid is removed by baking to make a contrast 
enhancement layer. This layer exhibits such a light fading property 
that it slowly becomes transparent by exposure. When the pattern of 
mask is exposed in this layer, the fading rapidly proceeds in a 
bright place while slowly proceeds in a dark place. Accordingly, a 
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difference between the bright area and the dark area of exposure 
irradiated on the photoresist increases as compared with a case of 
no contrast enhancement layer. 

[Problem to Be Solved by the Invention] 

Far-ultraviolet photoresist known so far have a strong light 
absorbance. Therefore, when a photoresist layer is exposed, its 
surface is fully exposed, but an area close to a substrate is not 
fully exposed, the cross-sectional shape of pattern of a positive 
resist becomes trapezoidal or triangle while the cross-sectional 
shape of pattern of a negative resist becomes inverted trapezoidal, 
consequently it had such a problem that the formation of a high- 
resolution pattern is difficult. 

The said contrast enhancement process does not improve the 
resolution by itself. 

The purpose of this invention consists in providing a pattern 
forming process provided with a high resolution and a full 
contrast . 

[Means for Solving the Problem] 

The above purpose is achieved by a pattern forming process 
comprising a step for forming a photoresist layer on a substrate, 
a step for forming a photosensitive layer colored by exposure on 
said photoresist layer, a step for irradiating a prescribed pattern 
on said photosensitive layer and changing the light transmissivity 
of said photosensitive layer in accordance with the pattern, 



6 



a step for irradiating the photoresist layer with a light of longer 
wavelength than the wavelength of above irradiation light through 
the above photosensitive layer and a step for performing the 
removal of above photosensitive layer and the development of said 
photoresist layer . 

Both negative photoresists and positive photoresists can be 
used as the above photoresist layer. Any photoresists having dry 
etching resistance are preferable. Any photoresists which can be 
developed with water or an alkaline aqueous solution are 
preferable . 

Negative photoresists consisting of a phenol resin and an 
aromatic azide compound are given as one example thereof. As the 
aromatic azide compounds, 3 , 3 1 -diazidodiphenyl sulfone, 4- 
azidochalcone, 3- (p-azidostyryl) -5, 5 -dimethyl -2 -cyclohexan-1 -one, 
2- (p-azidostyryl) -4-benzylidineoxazolone, 3,3 ■ -dimethoxine-4 , 4 ' - 
diazidobiphenyl are desirable. 

Positive photoresists consisting of a diazonaphthoquinone and 
a novolac resin is given as one example thereof. l-oxo-2- 
diazonaphthoquinone-5-allyl sulfonic ester is given as one example 
of diazonaphthoquinone . 

The thickness of photoresist is preferably in a range of 0.3 - 
2.0 fim, more preferably in a range of 0.5 - 1.5 /zm. This is because 
a high resolution is hard to obtain if the thickness is too thick 
while pinholes is easily formed if it is too thin. 
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The photosensitive layer contains an aromatic azide compound 
and a high molecular compound. 

As the aromatic azide compounds, azide compounds with an azido 
group and an amino group bound to same aromatic ring are preferable 

/3 

and azide compounds expressed by the following general formula are 
more preferable because they are easily colored by the irradiation 
of a short -wavelength light. 

NHRi 
Rt 

(where R x/ R 2 represent a hydrogen, alkyl, alkoxyl, aryl, halogen, 
acetyl, respectively. ) 

As the high molecular compounds, polymers with a high 
permeability of nitrogen gas produced by photolysis of diazonium 
salts during exposure are preferable, and poly (N-vinylpyrrolidone) , 
N-vinylpyrrolidone -vinyl acetate copolymer, acrylamide-diacetone 
acrylamide copolymer, methyl vinyl ether-maleic anhydride 
copolymer, polystyrene, polymethyl methacrylate, poly-a- 
methylstyrene are more preferable. 

It is desirable that the ratio of azide compound and high 
molecular compound being components of said photosensitive layer is 
.80 wt% or above of said azide compound to raise the optical density 
of said photosensitive layer. However, if the ratio of azide 
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compound is more than 400 wt%, the azide compound crystallizes in 
the photosensitive layer, therefore the ratio of azide compound and 
high molecular compound is preferably in a range of 80 - 200 wt%. 

The thickness of photosensitive layer is preferably in a range 
of 0.2 - 1.0 /xm, more preferably 0.4 - 0.7 /zm. This is because the 
resolution is lowered if the film thickness is too thick while 
pinholes are easily formed if it is too thin. 

[Functions] 

Functions of this invention will be explained by exemplifying 
a case wherein p-azidoaniline (abbreviated as Al hereafter) is used 
as the azido compound and N-vinylpyrrolidone-vinyl acetate 
copolymer (abbreviated as p(VP/VA) hereafter) as the high molecular 
compound. Ultraviolet absorption spectra of a photosensitive layer 
consisting of Al and p(VP/VA) before and after irradiation with a 
light of wavelength 249 nm are shown in Fig. 1. As seen on a curve 
A of Fig. 1, the photosensitive layer before the irradiation has an 
absorption of 350 nm or below and no any absorption in a region of 
over 350 nm, but if irradiated with a light, as shown by a broken 
line B, the photosensitive layer has a strong absorption in the 
region of over 350 nm. It shows that a mask with a transparent 
exposed part and an opaque exposed part in a wavelength region of 
350 nm to 450 nm by pattern exposure with the light of wavelength 
249 nm. 

The fine pattern forming process of this invention using the 
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colorability of said photosensitive layer with an irradiation of 
light is shown in Fig. 2. This process comprises (a) a step for 
forming a resist layer on a substrate, (b) a step for forming a 
photosensitive layer on the resist layer, (c) a mask pattern is 
transferred to the photosensitive layer with a short -wavelength 
light to form a closely adhered mask on the resist layer, (d) a 
step for sensitizing the resist layer by exposing the whole surface 
in a lump with a long -wave length light by taking the above 
photosensitive layer as mask, and (e) a step for removing the 
photosensitive layer and developing the resist layer. 

According to this invention, the pattern transfer is performed 
with a short -wavelength light, and the sensitization of resist is 
performed with a long-wavelength light which is not so strongly 
absorbed by the resist. Therefore, a high-resolution resist image 
with a short cross-sectional shape is formed because the resist is 
sensitized with a high-contrast light from the surface of resist to 
the surface of substrate. 

In this invention, an influence of standing wave due to a 
reflected light from the substrate can also be reduced because the 
sensitization of resist is performed with a light given by mixing 
two or more lights. 

The above short -wavelength light must be a light of wavelength 
in the vicinity of far-ultraviolet region in order to obtain a 
high-resolution pattern. Although a long- wavelength light can be 
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used if it has a wavelength 10 nm longer than the above short- 
wavelength light, a light of wavelength of 300 nm or above, e. g., 
365 nm (line i) , 436 nm (line g) , etc. are preferable for practical 
uses . 

[Actual Examples] 
[Actual Example 1] 

A positive resist (OFPR5000 made by Tokkyo Applied Chemical 
Co.) was rotationally coated on a silicon wafer to form a 0.5 fim- 
thick photoresist layer, and then baked at 80°C for 2 0 min. Next, 
a layer of 0.55 /itn in film thickness is formed with a photo- 
sensitive composition and taken as photosensitive layer. A quartz 
plate formed with 0.3 - 3.0 fim chromium line-space pattern was 
closely adhered to this sample, and then exposed via an interfer- 

/4 

ence filter of 248 nm with a Xe-Hg lamp made by A7t* 7 Co. The 
exposure time was so set up as to become about 300 mJ/cm 2 . 
Subsequently, the quartz plate was removed, and the exposure sample 
was exposed over the whole surface by the same exposure apparatus 
via an interference filter of 405 nm. The photosensitive layer was 
removed by washing with water. The exposure time was so set up as 
to become about 80 mJ/cm 2 , when it was developed for 20 sec with an 
aqueous solution of tetramethylammonium hydroxide, a fine pattern 
having a high resolution was obtained in a sufficient contrast. 
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Composition 1 



Thiazidoaniline 



15 wt% 



N-Vinylpyrrolidone/ vinyl acetate copolymer 



5 wt% 



Acetic acid 



50 wt% 



Water 



balance 



If a polyvinyl alcohol thin layer was formed between the 
photosensitive layer and the resist layer, the photosensitive layer 
can be easily removed by washing with water. 

[Actual Example 2] 

When a pattern formation was carried out by same process as 
Actual Example 1 except that a photosensitive composition of 
composition 2 was used in place of the photosensitive composition 
of composition 1 used in Actual Example 1 and the photosensitive 
layer was removed with chlorobenzene, a fine pattern having a high 
resolution was obtained in a sufficient contrast. 

Composition 2 

Thiazido-N-acetylaniline 10% 

Polymethyl methacrylate 5% 

Xylene balance 

[Actual Example 3] 

When a pattern formation was carried out by same process as 
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Actual Example 2 except that 4-azido-N- trif luoroacetylaniline was 
used in place of the azide compound used in Actual Example 2 and an 
interference filter of 313 nm was used during a lump-sum exposure 
of whole' surface, a high-resolution fine pattern was formed. 
[Actual Example 4] 

When a pattern formation was carried out by same process as 
Actual Example 3 except that a negative photoresist consisting of 
poly (p-vinylphenol) and 3,3' -dimethoxy-4-, 4 1 -diazidobiphenyl were 
used in place of the positive photoresist OFPR5000 used in Actual 
Example 3, a high-resolution pattern was formed in a sufficient 
contrast . 

[Effects of the Invention] 

This invention enables to form a high-resolution pattern 
having a sufficient contrast. 

IV. Brief Description of the Drawings] 

Fig. 1 is graph showing UV absorption spectra before and after 
exposure with short -wavelength light in photosensitive layer, and 
Fig. 2 is process diagram showing fine pattern forming process 
based on this invention. 

1 - resist layer 

2 ••• substrate 

3 - photosensitive layer 
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4 •» short -wavelength light 

5 - mask 

6 resist layer with formed latent image 

7 ■■• long -wave length light 

8 - resist image 



Fig. 1 



Optical Density 




o 



Wavelength (nm) 

A absorption spectrum before exposure 
B absorption spectrum after exposure 
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Fig. 2 




1 resist layer 

2 substrate 

3 photosensitive layer 

4 short-wavelength light 

5 mask 

6 resist layer with formed latent image 

7 long-wavelength light 

8 resist image 
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